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[bookmark: _GoBack]Introduction
At RAN-73 it was decided to down-prioritize support of unlicensed spectrum in the NR study until March 2017. Nevertheless, future compatibility for support of unlicensed spectrum shall be verified and confirmed. 
In this paper we therefore analyse the impact of operating NR in unlicensed spectrum and observe that the basic design principles for enabling LAA in LTE have also been adopted for NR (e.g. Asynchronous HARQ, dynamic UL/DL allocation, …). But besides this, NR will benefit from the reduced processing latency, from the possibility to operate with other numerologies and from a more flexible subframe structure and therefore operate even more efficient in unlicensed spectrum. 
We suggest capturing these findings in the TR to address and document the future compatibility as requested by RAN plenary. 
[bookmark: _Ref450638578]Discussion
NR L2 design for unlicensed spectrum
In this section we discuss aspects of the L2 CP/UP protocol stack that may be impacted when operating NR in unlicensed spectrum. 
[bookmark: _Ref462937761]Flexible timing and Sparseness of System Information
In LTE the MIB and the SIB1 occur with fixed timing with respect to radio frame and subframe. When operating in unlicensed spectrum, it is often necessary to apply LBT. If the base station senses the channel to be busy it may not be able to send broadcast information such as MIB and SIB1. With a fixed and static timing such as in LTE, the eNB may have to drop those transmissions which is not in-line with the current LTE specifications. 
To avoid such issues and to ensure the requested future compatibility, RAN2 (and RAN1) should ensure that system information may be transmitted with a flexible timing. 
[bookmark: _Toc462937836][bookmark: _Toc462938171][bookmark: _Toc462950269][bookmark: _Toc462950311][bookmark: _Toc462950926][bookmark: _Toc462950940][bookmark: _Toc463028234][bookmark: _Toc463028388][bookmark: _Toc465682001]The NR UE should be able to cope with delayed or dropped MIB/SIB occurrences due to failed LBT
In order to share the unlicensed spectrum efficiently with other systems, it is vital to minimize the always-on transmissions, i.e., the transmissions of reference signals and system information at times when the system is otherwise idle (due to lack of user data). LTE LAA accounted for that by transmitting only sparse DRS subframes in such situations. For standalone or dual connectivity operation, also system information should appear at those occasions with similar intervals, i.e., in the order of ~100 ms.
[bookmark: _Toc462950270][bookmark: _Toc462950312][bookmark: _Toc462950927][bookmark: _Toc462950941][bookmark: _Toc463028235][bookmark: _Toc463028389][bookmark: _Toc465682002]It should be possible to configure System Information (and corresponding reference signals) to be sparse in time. 
[bookmark: _Ref462937765]Flexible timing of Paging Messages
Similarly as SIB1 and MIB also the paging occasions are defined as specific subframes in time domain. To avoid that a UE misses a paging message when the eNB must postpone a paging transmission due to LBT, it may be necessary to optionally extend the paging occasion so that it covers several subframes. 
[bookmark: _Toc462937837][bookmark: _Toc462938172][bookmark: _Toc462950271][bookmark: _Toc462950313][bookmark: _Toc462950928][bookmark: _Toc462950942][bookmark: _Toc463028236][bookmark: _Toc463028390][bookmark: _Toc465682003]The NR UE should be able to cope with delayed Paging messages due to failed LBT
RRM Measurements
For LTE LAA additional RRM measurements have been introduced that report the RSSI and the channel occupancy. Such measurement reports are helpful for channel selection, i.e., they enable the RAN to choose a lowly loaded carrier within the available unlicensed spectrum. 
RRM RSSI and channel occupancy measurements were introduced for LTE LAA and should be inherited for NR 
Furthermore, it was discussed extensively how the RRM L3 measurement filtering should cope with missing measurement samples. After careful investigation it was concluded that no particular change to the specifications was needed. The existing definition for RRM filtering ensures already that a UE assigns a very low weight to old measurement samples compared to a new sample even if intermediate samples were not received. 
The RRM L3 filtering defined for LTE handles the lack of measurement samples (due to LBT) appropriately and should be inherited for NR. 
Asynchronous HARQ
RAN1 and RAN2 already agreed to use Asynchronous HARQ in uplink and downlink. This was considered suitable for operation in unlicensed spectrum as it removes the tight timing relation between an initial transmission and a subsequent HARQ retransmission. 
Asynchronous HARQ was already chosen for NR and it is also the most suitable choice for operating NR in unlicensed spectrum. 
Not only the HARQ (re-)transmissions but also the HARQ feedback may be subject to delays due to LBT failures. While LTE LAA maps HARQ feedback always on an associated UL carrier on licensed spectrum, it is desirable to allow for such control signalling also on unlicensed spectrum. This is in particular important when running NR exclusively on unlicensed spectrum or as licensed assisted carrier in a dual connectivity setup (non-ideal interface between MCG and SCG). 
The flexible frame structure introduced by RAN1 (see also section 2.2.3) will provide various opportunities for transmitting HARQ feedback – either as early as possible directly after the corresponding HARQ transmission or as a bundle for several pending HARQ processes. In particular the latter can be realized in a time-independent manner such as a bitmap where each bit refers unambiguously to a specific HARQ process. While the details of the HARQ feedback are up to RAN1, we can observe that this format is transparent from MAC perspective. That is, the LTE MAC protocol for DL data reception is written in a time-agnostic manner so that it provides the HARQ feedback to L1 when it is available and not specifically when L1 intends to transmit it. 
The current MAC protocol is written in a time-agnostic manner with respect to the provisioning of HARQ feedback to L1. Hence, the existing LTE MAC protocol already offers support for asynchronous HARQ feedback as needed when UCI is mapped to unlicensed carriers. 
QoS restrictions
For LTE LAA, RAN2 introduced means for the network to configure which uplink radio bearers the UE may map to an LAA carrier. Considering that RAN2 decided to use the LTE L2 UP protocol stack, we consider this functionality to be inherited as well when operating NR on unlicensed spectrum.
NR inherits from LTE LAA the possibility to restrict which uplink radio bearer (logical channel) the UE may map to a carrier operating in unlicensed spectrum.  
RAN2 discussed but did not introduce any restrictions for mapping MAC Control Elements to unlicensed carriers. While there was a perception that such restrictions may be beneficial in certain cases, RAN2 did not consider it vital. Anyway, such enhancements could possibly be re-considered in the stage-3 phase.
Random Access
For LTE LAA the impact of LBT on Random Access was discussed. RAN2 concluded that the UE shall increase the preamble transmission counter for preambles that were dropped due to LBT-failure. However, the UE shall not perform power ramping upon those dropped preambles. These rules ensure that the UE declares a RA failure (and hence a RLF) when the RA fails continuously due to failed LBT. Secondly they avoid unintentionally large power ramping steps.
The random access handling inherited from LTE LAA is suitable also for NR, i.e., the NR UE shall increase the preamble count but not ramp the power when dropping a preamble due to failed LBT.
NR L1 design for unlicensed spectrum
This section discusses the NR design choices (about to be) taken for the physical layer with respect to operation in unlicensed spectrum. Even though we don’t expect them to be captured necessarily in the RAN2 TR, we consider it useful for RAN2 to obtain a common understanding.
Lower processing delay
As discussed in the context of LAA, low processing delay is vital for operation in unlicensed spectrum: If the UE needs too much time to process a downlink transport block, it is more probable that other nodes gain access to the channel before sending the uplink feedback even though the eNB had done such an LBT before sending the data and even though one would typically consider the feedback to be part of the data transmission. However, if the gap becomes too long, other devices/systems may consider the channel to be available and use it for their own transmissions. Therefore, significantly reduced processing and feedback delays will ease the operation in unlicensed spectrum as shown in Figure 1. 
[bookmark: _Toc450581424]In the May meeting RAN1 agreed to aim for significantly reduced processing delays compared to LTE: 
	Agreement:
· NR design should strive at least to enable the possibility for
· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission
· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment
· Note: may depend on e.g. UE capability/category, payload size, etc
· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible



In unlicensed spectrum, a low delay between downlink data reception and uplink feedback transmission allows sending the feedback back-to-back.

[image: ]
[bookmark: _Ref450580861]Figure 1: Downlink data and Uplink feedback in same TXOP with short processing delay
Besides the processing of downlink data, also the short uplink scheduling request-, grant- and transmission delays are beneficial in unlicensed spectrum. If the delay between reception of a scheduling request and the transmission of the uplink grant is sufficiently short, the eNB can perform at most a short LBT. And subsequently, the UE may use the UL grant either immediately or after a short LBT.
[bookmark: _Toc450581425]In unlicensed spectrum, a low processing delay of UL grants increases the chances of occurrence of UL data transmission. 
Suitable numerology 
RAN1 agreed on a baseline numerology for NR with 15 KHz subcarrier spacing. This is the same as in LTE and it results in a symbol duration of ~72µs. This is a particularly suitable numerology for macro cells operating in the 1-3 GHz band. A system operating in unlicensed spectrum at about 5 GHz will have smaller coverage area and may hence operate with a shorter cyclic prefix. As a consequence, the symbol duration can be shortened without increasing the relative cyclic prefix overhead.
Increasing the subcarrier spacing by a factor of four compared to LTE results in a symbol duration of ~18 µs and allows supporting carriers of up to 80 MHz with the same FFT size as in LTE. 
The processing delays scale typically with the OFDM symbol duration. If RAN1 confirms the possibility to send HARQ feedback after a processing time of about one OFDM symbol, the UE can transmit the UL feedback for a DL data reception “back-to-back”. Hence, there is no need to perform LBT with exponential back-off. This is also depicted in Figure 1.
A subcarrier spacing of 60 kHz and the resulting OFDM symbol duration of ~18 µs avoids the need for LBT with exponential back-off prior to sending the UL HARQ feedback.
[bookmark: _Ref462948467]Flexible subframe structure
RAN1 has started discussing the subframe structure for NR. In particular for TDD spectrum (such as e.g. 5 GHz band), it should be possible to schedule pure downlink, pure uplink and mixed downlink+uplink subframes. Depending on the link budget and depending on the number of symbols in a subframe, this may e.g. allow sending HARQ feedback in the same subframe in which the UE received the data. 
[image: ]     [image: ]      [image: ]
Figure 2: Pure downlink, pure uplink and mixed downlink+uplink subframes
The dynamic subframe structure agreed in RAN1 allows flexible allocation of downlink-only, uplink-only and mixed downlink+uplink subframes. 
Beyond this, RAN1 discussed the possibility to start data transmission not only at the beginning of a subframe but also at additional symbols within the subframe. 
[image: ]            
[bookmark: _Ref461466294]Figure 3: Flexible subframe structure options with data transmission 
starting at symbols other than “symbol 0” 
As shown in Figure 3, the resulting mini-TTIs allow both eNB and UE to start transmitting at more fine-granular occasions after successfully completing LBT. With this approach NR combines the benefits of a competitive LBT with those of a centrally scheduled system.
The possibility to start UL and DL data and control transmissions in different symbols of a subframe makes NR’s medium access more flexible. However, it maintains the benefits of a scheduled system as well as the fairness to other systems sharing the same spectrum. 

Text Proposal
[bookmark: _Toc450638560][bookmark: _Toc450638583][bookmark: _Toc450929544][bookmark: _Toc458183166][bookmark: _Toc461466296][bookmark: _Toc461466610][bookmark: _Toc462935378][bookmark: _Toc462937838][bookmark: _Toc462938173][bookmark: _Toc462950272][bookmark: _Toc462950314][bookmark: _Toc462950929][bookmark: _Toc462950943][bookmark: _Toc463028237][bookmark: _Toc463028391][bookmark: _Toc465682004]Include the text proposal in the technical report 38.804 [2]. 
	13	Unlicensed band operation
RAN2 investigated the operation of NR in unlicensed spectrum and concluded that the design principles chosen for LTE LAA should be inherited to NR in order to ensure the requested future compatibility: 
-	RRM RSSI and channel occupancy measurements were introduced for LTE LAA and should be inherited for NR
-	The RRM L3 filtering defined for LTE handles the lack of measurement samples (due to LBT) appropriately and should be inherited for NR
-	Asynchronous HARQ was already chosen for NR and it is also the most suitable choice for operating NR in unlicensed spectrum
-	The current MAC protocol is written in a time-agnostic manner with respect to the provisioning of HARQ feedback to L1. Hence, the existing LTE MAC protocol already offers support for asynchronous HARQ feedback as needed when UCI is mapped to unlicensed carriers
-	NR inherits from LTE LAA the possibility to restrict which uplink radio bearer (logical channel) the UE may map to a carrier operating in unlicensed spectrum
-	The random access handling inherited from LTE LAA is suitable also for NR, i.e., the NR UE shall increase the preamble count but not ramp the power when dropping a preamble due to failed LBT
Besides these aspects, RAN2 has identified the following aspects that require special attention in order to ensure the required future compatibility for operating NR in unlicensed spectrum:
-	The NR UE should be able to cope with delayed or dropped MIB/SIB occurrences due to failed LBT
-	System information (and corresponding reference signals) should be sparse in time in particular when the system is otherwise idle (no user data)
-	The NR UE should be able to cope with delayed Paging messages due to failed LBT



Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The NR UE should be able to cope with delayed or dropped MIB/SIB occurrences due to failed LBT
Proposal 2	It should be possible to configure System Information (and corresponding reference signals) to be sparse in time.
Proposal 3	The NR UE should be able to cope with delayed Paging messages due to failed LBT
Proposal 4	Include the text proposal in the technical report 38.804 [2].
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